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The block graph of a Steiner triple system of order v is a
(v(v − 1)/6,3(v − 3)/2, (v + 3)/2,9) strongly regular graph. For
large v , every strongly regular graph with these parameters is
the block graph of a Steiner triple system, but exceptions ex-
ist for small orders. An explanation for some of the exceptional
graphs is here provided via the concept of switching. (Group di-
visible designs corresponding to) Latin squares are also treated
in an analogous way. Many new strongly regular graphs are ob-
tained by switching and by constructing graphs with prescribed
automorphisms. In particular, new strongly regular graphs with
the following parameters that do not come from Steiner triple
systems or Latin squares are found: (49,18,7,6), (57,24,11,9),
(64,21,8,6), (70,27,12,9), (81,24,9,6), and (100,27,10,6).
© 2012 Elsevier Inc. All rights reserved.
1. Introduction
The main combinatorial objects considered in this work are Steiner triple systems, Latin squares
(via the related group divisible designs), and strongly regular graphs. We shall start by a brief intro-
duction to these concepts; see [8] for a more extensive treatment.
A Steiner triple system of order v , denoted by STS(v), is a set of 3-subsets (called blocks) of a v-set
(of points), with the property that every 2-subset of points occurs in exactly one block. An STS(v)
has b = v(v − 1)/6 blocks and each point of the system occurs in r = (v − 1)/2 blocks. A necessary
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information on Steiner triple systems.
The block graph, or line graph, of a Steiner triple system has one vertex for each block and edges
between vertices exactly when the corresponding blocks have a nonempty intersection. In fact, this
deﬁnition generalizes to any type of combinatorial designs.
A (b,d, λ,μ) strongly regular graph (srg for short) is a regular graph of degree d deﬁned on b
vertices, such that each pair of distinct vertices has λ or μ common neighbors depending on whether
the vertices are adjacent or nonadjacent.
It is not diﬃcult to show that the block graph of an STS(v) is a (v(v−1)/6,3(v−3)/2, (v+3)/2,9)
strongly regular graph. Throughout this study we deal simultaneously with graphs and designs, so
to avoid conﬂicts in notation, we choose to name the parameters of a strongly regular graph as
(b,d, λ,μ), rather than the more customary (v,k, λ,μ).
Steiner triple systems are examples of group divisible designs (GDDs). A (k, λ)-GDD of type
ga11 g
a2
2 · · · g
ap
p is a triple (V ,G,B), where V is a set of
∑p
i=1 ai gi points, G is a partition of V into
ai subsets of size gi for 1 i  p (called groups), and B is a collection of k-subsets (blocks) of points,
such that every 2-subset of points occurs in exactly λ blocks or one group, but not both. If λ = 1, we
write k-GDD instead of (k,1)-GDD. An STS(v) is obviously a 3-GDD of type 1v .
A Latin square of order n is an n × n array with entries from an n-set of symbols such that every
symbol occurs exactly once in each row and column. A Latin square of order n can be viewed as a
3-GDD of type n3. As with Steiner triple systems, the block graph of such a 3-GDD is also a strongly
regular graph, in this case an (n2,3(n − 1),n,6) srg.
The two mentioned classes of strongly regular graphs belong to the family of pseudo geometric
graphs (more speciﬁcally, pseudo Steiner graphs and pseudo Latin graphs). The word pseudo is omitted
for the subclass of such graphs that are actually block graphs of these families of objects.
If the parameters are large enough, then any (v(v−1)/6,3(v−3)/2, (v+3)/2,9) and (n2,3(n−1),
n,6) srg is geometric. However, for small parameters there are pseudo geometric graphs in these fam-
ilies that are not geometric. The aim of this study is to gain further understanding of such exceptional
graphs. This issue is approached via a search for exceptional graphs with prescribed automorphisms
and by using the technique of switching for constructing new graphs from old ones. Moreover, switch-
ing provides analytical arguments for the existence of certain exceptional graphs.
The paper is organized as follows. We start off in Section 2 by reviewing some earlier results on
geometric graphs. In Section 3, switching of group divisible designs and strongly regular graphs is
considered, with an emphasis on the construction of new pseudo geometric graphs from old ones. In
this manner, new graphs can be obtained both by iterative computations and by analytical arguments.
The construction of strongly regular graphs with prescribed automorphisms is discussed in Section 4,
followed by a consideration of speciﬁc parameters in Section 5 with new results for (49,18,7,6),
(57,24,11,9) (64,21,8,6), (70,27,12,9), (81,24,9,6), and (100,27,10,6) srgs.
2. Preliminaries
It is known that a suﬃcient condition for a pseudo geometric (v(v −1)/6,3(v −3)/2, (v +3)/2,9)
srg to be geometric is that v  69, shown by Bose [2]. Similarly, it is known that a suﬃcient condition
for a pseudo geometric (n2,3(n− 1),n,6) srg to be geometric is that n 24, proved by Bruck [4]. See
also [19,23].
Not all pseudo geometric graphs are geometric, which is obvious from the classiﬁcation of certain
small such graphs, as shown in Tables 1 and 2. The references in these tables are to the classiﬁcation
results for the strongly regular graphs; a survey of classiﬁcation results for Steiner triple systems and
Latin squares can be found in [16, Tables 6.2 and 8.2].
The complements of the strongly regular graphs in the ﬁrst entry of Tables 1 and 2 are (12,2,1,0)
and (9,2,1,0) srgs, respectively. Obviously, these graphs consist of a union of (4 and 3, respectively)
3-cycles, and are therefore unique.
As far as we are aware, there is no known pseudo Steiner (v(v − 1)/6,3(v − 3)/2, (v + 3)/2,9)
srg with v  19 that is not geometric. For pseudo Latin (n2,3(n − 1),n,6) srgs, the same holds for
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Classiﬁcation of pseudo Steiner graphs.
v Parameters Steiner Pseudo Steiner Ref.
9 (12,9,6,9) 1 1 Easy
13 (26,15,8,9) 2 10 [24]
15 (35,18,9,9) 80 3854 [18]
19 (57,24,11,9) 11 084874829 11084874829 [15]
Table 2
Classiﬁcation of pseudo Latin graphs.
n Parameters Latin Pseudo Latin Ref.
3 (9,6,3,6) 1 1 Easy
4 (16,9,4,6) 2 2 [26]
5 (25,12,5,6) 2 15 [24]
6 (36,15,6,6) 12 32548 [18]
7 (49,18,7,6) 147 153 [1]
n  8. However, we shall see in Section 5 that some known constructions of pseudo Latin strongly
regular graphs do give graphs that are not geometric for n = 8 and n = 9, although we have not seen
this fact explicitly stated in the literature. In the current work, the aforementioned two bounds will
be improved to v  25 and n 11. This still leaves a wide gap to the respective bounds of 69 and 24,
when we know that the strongly regular graphs must be geometric.
In many parts of the current study, we are facing the problem of determining whether a strongly
regular graph is geometric or not. This issue is conveniently approached via reconstruction, where the
following well-known and easily proved theorems and techniques are central; cf. [15,31].
Theorem 1. For v  19, the block graph of an STS(v) contains exactly v cliques of size (v − 1)/2, and these
are the only maximal cliques of size greater than 7.
Theorem 2. For n  5, the block graph of a 3-GDD of type n3 contains exactly 3n cliques of size n, and these
are the only maximal cliques of size greater than 4.
The cliques in Theorems 1 and 2 correspond to the points of the respective group divisible designs,
and enable a direct reconstruction—and a test whether an arbitrary graph is geometric. Cliques can
be found with the software Cliquer [20].
3. Switching designs and graphs
3.1. Deﬁnitions
Switching has commonly been deﬁned as local transformations of combinatorial objects that leave
the main parameters unchanged (but may lead to nonisomorphic objects). Such a deﬁnition is rather
general, but certain types of switching that are particularly effective have crystallized. A survey of
switching of designs and various other types of combinatorial objects can be found in [21].
In the current study we are dealing with group divisible designs and the related strongly regular
graphs. Switching has been studied to some extent for both of these types of objects. What makes
switching useful, from our point of view, is that there is not a one-to-one correspondence between
the established deﬁnitions of switching of designs and strongly regular graphs. In particular, a ge-
ometric graph can occasionally be transformed into another graph that is no longer geometric (but
only pseudo geometric), and pseudo geometric graphs that are not geometric can be transformed into
other graphs with the same property.
Some early results on switching graphs can be found in [17,25]. Our main focus will be on a type
of switching introduced by Godsil and McKay [12].
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Suppose that for all 1 i, j  k and v ∈ D
(i) any two vertices in Ci have the same number of neighbors in C j , and
(ii) v has either 0, |Ci |/2, or |Ci | neighbors in Ci .
Then Godsil–McKay switching transforms G as follows: For each v ∈ D and 1  i  k such that v
has |Ci |/2 neighbors in Ci , add and delete edges such that the neighborhood of v in Ci is comple-
mented.
By [12, Theorem 2.2], Godsil–McKay switching respects the property of a graph being strongly
regular. Moreover, the special case of k = 1 and |C1| = 4 turns out to be most useful, as it is then
possible to eﬃciently determine all sets C1 with respect to which switching can be carried out (it is
easy to see that |C1| < 4 gives nothing).
For 3-GDDs, switching of the following type is helpful.
Deﬁnition 2. Let (V ,G,B) be a 3-GDD, let p and q be two points—which must be in the same group
if we do not have a Steiner triple system—and let P and Q be the sets of blocks that contain p and q,
respectively. Next form a bipartite graph Γ with the partite sets corresponding to the blocks in P and
Q and with an edge between blocks that intersect; this graph consists of a set of even cycles.
Then cycle switching transforms the 3-GDD as follows: Choose one of the cycles of Γ and, for each
of the blocks involved in the cycle, permute the points p and q.
Cycle switching has been applied extensively to the catalogues of the Latin squares up to order 8
and the Steiner triple systems up to order 19; see [32] and [13,14], respectively.
The shortest possible cycle involved in switching a 3-GDD has length 4. The set of blocks involved
in a 4-cycle is, up to isomorphism,
{{p,a,b}, {p, c,d}, {q,a, c}, {q,b,d}},
which is called the Pasch conﬁguration.
Theorem 3. Consider the block graph G = (V , E) of a 3-GDD. The vertices of G that correspond to a Pasch
conﬁguration in the 3-GDD fulﬁll the requirement of a set C1 for k = 1 in Deﬁnition 1.
Proof. The requirements are fulﬁlled because (i) the vertices in C1 induce the complete graph K4 and
(ii) every vertex in V \ C1 is incident to 0, 2, or 4 vertices in C1. The latter holds because every point
in the Pasch conﬁguration occurs in at least two of the blocks (eliminating the case of 1 vertex), and
no block can intersect exactly three of the blocks (direct case-by-case check). 
In general, however, there is not a one-to-one correspondence between Godsil–McKay switching
and cycle switching. In an attempt to come up with a way of switching graphs that resembles cycle
switching, we have arrived at the following deﬁnition.
Deﬁnition 3. Let G = (V , E) be a graph and let π = (C1,C2, D) be an ordered partition of V with
|C1| = |C2| = S . Suppose that any v ∈ D fulﬁlls (at least) one of the following conditions:
(i) v has equally many neighbors in C1 and C2,
(ii) v has S neighbors in C1 ∪ C2.
Then cycle-type switching transforms G as follows: For each v ∈ D that is adjacent to all vertices in C1
and to none in C2, or vice versa, add and delete edges such that the neighborhood of v in C1 ∪ C2 is
complemented.
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be checked whenever switching.
We shall next study subsets C1 of vertices of a Steiner or Latin graph required in the basic case
k = 1 in Deﬁnition 1, in order to identify cases where the transformation does not correspond to
a proper transformation of blocks in the 3-GDD. Cases that lack such correspondence will enable a
switch from a geometric graph to a pseudo geometric graph that is not geometric.
3.2. Switching Steiner graphs
First of all, notice that the cases where the order of the Steiner triple system is at most 15 are
interesting rather for the sake of understanding than for constructing something new, since the Steiner
triple systems and the pseudo Steiner graphs have been classiﬁed in these cases, see Table 1.
When the order of the Steiner triple system is 21, we can provide an analytical proof regarding the
existence of certain pseudo Steiner graphs that are not Steiner graphs.
Theorem 4. There are (70,27,12,9) strongly regular graphs that are not Steiner graphs.
Proof. By [7, Theorem 2.37], there exists an STS(21) with a sub-STS(9). We consider the block graph
G = (V , E) of such an STS and denote the points in the STS(21) by P and those outside the sub-STS(9)
by P ′ .
By studying the 54 blocks that intersect the sub-STS(9) in exactly one point, it follows that every
point in P ′ is in 9 = r − 1 such blocks, so the remaining 70 − 54 − 12 = 4 blocks of the STS(21) that
do not intersect the STS(9) must contain each point of P ′ once and thereby be nonintersecting. We
denote these four nonintersecting blocks over P ′ by b1,b2,b3,b4 and their corresponding vertices in
G by v1, v2, v3, v4, and carry out Godsil–McKay switching with π = (C = {v1, v2, v3, v4}, D = V \ C).
Note that all vertices in D are adjacent to 0 or 2 vertices in C .
Consider some point p in b1. This point corresponds to a clique Q of size 10 in G , which includes
v1 but none of v2, v3, v4. When switching is carried out, the edge between any vertex in Q and v1
is removed. Indeed, we then get a maximal clique of size 9, since none of the vertices v2, v3, v4 can
be added to get a larger clique; this holds as for any i ∈ {2,3,4} there are blocks in the STS that
contain p and some point in bi—so the corresponding vertex v is in Q —and v and vi are adjacent
before switching but not after.
By Theorem 1, the existence of a maximal clique of size 9 implies that the graph is not a Steiner
graph. 
A vast number of (70,27,12,9) strongly regular graphs that are not Steiner graphs can obviously
be obtained by applying switching extensively and repeatedly to all STS(21) with a sub-STS(9).
Our main interest is in possible non-Steiner graphs with parameters related to Steiner triple sys-
tems of order greater than 21 (which is the unexplored region after the current work). Whenever we
use the term “conﬁguration” in the sequel we refer to the conﬁguration corresponding to C1 in the
Godsil–McKay switch. We use the notation N = |C1| for the number of blocks in the conﬁguration of
the switch; the parameters b, r, and v are those of the related Steiner triple systems.
Theorem 5. A necessary condition for the Godsil–McKay switch for k = 1 to transform a Steiner graph into a
non-Steiner graph is that the order of the corresponding Steiner triple system be at most 21.
Proof. We divide the proof into two cases, depending on whether or not there are blocks that inter-
sect 0 blocks of the conﬁguration involved in the switch. Let P be the point set of the STS and P ′ the
point set of the conﬁguration (which has N blocks).
Case 1: If there are blocks that intersect 0 blocks of the conﬁguration, then there is a point p ∈
P \ P ′ . The blocks that contain p intersect P ′ in 0, 1, or 2 points; in the latter two cases, either N/2 or
N of the blocks of the conﬁguration are intersected. Those intersections form a partition of P ′ . The N
blocks of the conﬁguration have 3N incidences of points with blocks, known as ﬂags. As the blocks
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number of such blocks can be at most 3N/(N/2) = 6. Consequently, |P ′| 6 · 2 = 12.
If there is at least one point in P ′ that does not occur in N/2 or N blocks of the conﬁguration,
then every block through that point must contain at least one more point in P ′ (and there is at least
one such block which contains three points; this block is in the conﬁguration). This allows us to get
an upper bound on the replication number of the STS: r  |P ′| − 2 = 10, and the order of the STS is
2r + 1 21.
On the other hand, if all points in P ′ occur in N/2 or N blocks of the conﬁguration, then P ′
has at most 3N/(N/2) = 6 points. One can pack at most 4 triples on 6 points such that they in-
tersect mutually in at most one point, so N  4. In fact, the only such conﬁguration with N = 4 is
the Pasch conﬁguration, whereby switching produces a Steiner graph from a Steiner graph; see Theo-
rem 3.
Case 2: We handle the case where every block of the STS intersects the conﬁguration in N/2 or N
points by a double counting argument, counting the number of intersections between blocks in the
conﬁguration and blocks outside the conﬁguration in two different ways. The number of blocks in the
conﬁguration is N (0 < N < b), leaving b − N outside; b is the number of blocks in the STS.
As we require that every block intersect N/2 or N of the blocks in the conﬁguration, we directly
get that the desired count is at least
(b − N)N/2. (1)
We number the points of the STS from 1 to v and let ai denote the number of blocks of the
conﬁguration that contain point number i. Then
v∑
i=1
ai = 3N
and the desired count can be obtained as
v∑
i=1
ai(r − ai). (2)
An upper bound of (2) is obtained for ai = 3N/v (a routine optimization problem), and is
3N
(
r − 3N
v
)
. (3)
Now, as (1) must be smaller than or equal to (3), we get an inequality that can be modiﬁed to the
form
b
(
v
2
− 9
)
 N
(
v
2
− 9
)
.
Since N < b, we must have v/2− 9 0, that is, v  18, so the order of the STS is at most 15. 
For the Godsil–McKay switch with k = 1 one can further study possible transformations of Steiner
graphs into non-Steiner graphs when the order of the corresponding Steiner triple systems is at
most 21. For example, it can be shown that when |C1| = 4, this can only happen when the order
is at most 15, or 21. Moreover, the only possible such transformation for order 21 is the one given in
the proof of Theorem 4. The details of this issue are too lengthy to be included here and are therefore
left to the interested reader.
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The case of switching Latin graphs is analogous to that of switching Steiner graphs, also on the
level of details. We therefore restrict the treatment of Latin graphs to presenting theorems and some
main observations, and leave out proofs. Now we are mainly interested in cases for which the pseudo
Latin graphs have not been classiﬁed, that is, when the order of the Latin square is n  7 (see Ta-
ble 2).
In the proof of the following analogue of Theorem 4 one replaces the STS(21) with a sub-
STS(9) by a Latin square of order 7 with a Latin subsquare of order 3 (which exists by [9, Theo-
rem 1.42]).
Theorem 6. There are (49,18,7,6) strongly regular graphs that are not Latin graphs.
We already know from [1] that Theorem 6 holds, but we now have a different technique for
obtaining pseudo Latin graphs.
Theorem 5 is analogous to the following theorem regarding Latin graphs.
Theorem 7. A necessary condition for the Godsil–McKay switch for k = 1 to transform a Latin graph into a
non-Latin graph is that the order of the corresponding Latin square be at most 7.
4. Graphs with prescribed automorphisms
In [1], a method was presented to construct strongly regular graphs with a prescribed automor-
phism. By trying promising automorphisms, this method has been successfully applied to construct
pseudo geometric graphs that are not geometric. Here, we give a brief description of the method; for
more details, see [1].
Let G = (V , E) be a strongly regular graph. An automorphism of G partitions V into orbits
C1, . . . ,Ct . These orbits partition the adjacency matrix A of G into submatrices [Aij], where Aij is
the adjacency matrix of vertices in Ci versus those in C j . Because the Ci ’s are orbits, Aij has constant
row and column sums. We let ci j be the column sum of Aij and call the t × t matrix [ci j] the orbit
matrix C .
The adjacency matrix of a (b,d, λ,μ) srg satisﬁes
A2 = (d − μ) + μ J + (λ − μ)A,
where I is the identity matrix and J is the all-one matrix. By considering the effect of the orbit
partition on this matrix equation, one can derive a matrix equation satisﬁed by C , which can then be
used in the construction of C .
In order to ﬁnd pseudo geometric graphs that are not geometric, we try automorphisms of prime
order p. By considering the distribution of automorphism group sizes for the underlying graphs, we
ﬁrst try primes that do not divide any of the known automorphism group sizes. Next, we try primes
that divide only a few of the known automorphism group sizes. Given p, by the method in [1] we
can generate exhaustively all strongly regular graphs with an automorphism group of order divisible
by p.
Since the assumed automorphism is of prime order p, it partitions the vertex set V into orbits of
size either 1 or p but the number of orbits of each type may vary. For each p, we therefore try all
possible distributions of orbit sizes. For each distribution, we enumerate all possible orbit matrices,
and then attempt to extend each of these orbit matrices to a strongly regular graph.
Once we have constructed a strongly regular graph, we use Theorems 1 and 2 to test whether the
graph is geometric.
5. Results
In this section, we shall present results that, as far as we know, are new. There are various
constructions in the literature that give pseudo Latin graphs—see, for example, the explanations in
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that are not Latin graphs (which we are interested in) have often been bypassed. Earlier construc-
tions that we have been able to check with reasonable effort turned out not to give anything new in
this respect, with two exceptions. Intuitively, inﬁnite constructions, which necessarily produce Latin
graphs for large parameters, should produce Latin graphs for small parameters.
The primary focus is on ﬁnding new parameters for which there exist pseudo geometric graphs
that are not geometric. Secondarily, switching has been used to produce more examples of such
graphs, thereby obtaining lower bounds on their total number. Indeed, it follows from the results in
Sections 3.2 and 3.3 that whenever Godsil–McKay switching with k = 1 is applied to a non-geometric
strongly regular graph of order at least 100 (Steiner case) or 64 (Latin case), the resulting graph is
non-geometric.
The ﬁrst four subsections contain results for cases that have been settled a long time ago. How-
ever, these are included here, as the old results form an important part in the development of the
theory and techniques, which is continued in the current work. In two cases where we do not have
a construction for the new graphs that are not geometric, we give explicit examples of such graphs
in Appendix A. With a slight abuse of terminology, whenever we talk about numbers of graphs we
mean numbers of isomorphism classes of graphs. The computations in the current work required a
few core-weeks on contemporary PCs.
5.1. (25,12,5,6)
Shrikhande and Bhat [27,28] applied switching to construct (25,12,5,6) srgs. All 15 were found
by Paulus [22], and Rozenfel’d [24] proved that this collection is complete; see also [11].
Godsil–McKay switching with k = 1, |C1| = 4 partitions the graphs into 5 classes, with sizes 1
(3 classes), 2, and 10. Using both k = 1, |C1| = 4 and k = 1, |C1| = 6, one obtains 3 classes with
sizes 1, 2, and 7.
5.2. (26,15,8,9)
The history of the (26,15,8,9) srgs is virtually identical to that of the (25,12,5,6) srgs.
Shrikhande and Bhat [27,29] used switching to construct new graphs, and all 10 were obtained by
Paulus [22]. Rozenfel’d [24] ﬁnally provided a completeness proof. Also these graphs are addressed
in [11].
With Godsil–McKay switching and k = 1, |C1| = 4, the graphs are partitioned into 4 classes, with
sizes 1, 2, 2, and 5. Using both k = 1, |C1| = 4 and k = 1, |C1| = 6, one obtains 3 classes with sizes 1,
4, and 10.
5.3. (35,18,9,9)
Bussemaker, Mathon, and Seidel [5,6] found 1853 (35,18,9,9) srgs via switching. McKay and
Spence [18] later classiﬁed all 3854 graphs.
Godsil–McKay switching with k = 1, |C1| = 4 partitions the graphs into 9 classes, the sizes of
which are 1 (6 classes), 17, 19, and 3812. Using both k = 1, |C1| = 4 and k = 1, |C1| = 6, one gets 4
classes with sizes 1, 1, 38, and 3814. Finally, using Godsil–McKay switching with k = 1, |C1| = 4 and
cycle-type switching with |C1| = |C2| = 3, only two classes are formed, with sizes 38 and 3816.
5.4. (36,15,6,6)
Bussemaker, Mathon, and Seidel [5,6] found 16428 (36,15,6,6) srgs via switching (a somewhat
larger number claimed in their study was later corrected in [30]). Spence [30] used an incomplete
computer search to ﬁnd a total of 32548 graphs; McKay and Spence [18] later showed that there are
no more graphs.
Switching of the (36,15,6,6) gives one very large class of graphs and very many small ones. For
Godsil–McKay switching with k = 1, |C1| = 4, the large class has size 32086; for k = 1, |C1| = 4
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Automorphism group orders for known (49,18,7,6) srgs.
|Aut(G)| # |Aut(G)| # |Aut(G)| #
1 181 12 4 48 1
2 68 15 3 63 1
3 12 16 4 72 4
4 17 18 1 126 1
6 26 21 1 144 2
8 8 24 4 1008 1
10 1 30 1 1764 1
Table 4
Automorphism group orders for known non-Steiner (57,24,11,9) srgs.
|Aut(G)| # |Aut(G)| # |Aut(G)| #
1 325807 8 70 27 2
2 10802 9 18 36 2
3 537 12 29 54 2
4 1087 18 12
6 162 24 6
and k = 1, |C1| = 6, it has size 32185; and for k = 1, |C1| = 4 and cycle-type switching with
|C1| = |C2| = 3, it has size 32204.
5.5. (49,18,7,6)
There are 153 known (49,18,7,6) srgs [1]. Applying Godsil–McKay switching with k = 1, |C1| = 4
to these graphs gives 183 graphs that reside in 8 classes with sizes 1 (6 times), 2, and 175. Nothing
new is gained by also applying Godsil–McKay switching with k = 1, |C1| = 6. However, cycle-type
switching with |C1| = |C2| = 3 is effective and can be used to increase the total number of graphs
to 342. The distribution of the orders of the automorphism groups for these graphs is shown in
Table 3.
5.6. (57,24,11,9)
By assuming an automorphism of order 3 ﬁxing exactly 9 of the vertices, 632 strongly regular
graphs are found, 508 of which are not geometric. Godsil–McKay switching with k = 1, |C1| = 4 was
applied exhaustively to the 508 new graphs; by the discussion at the end of Section 3.2 any graph
thereby obtained is non-geometric (the graphs are also easily checked for this property). This led to
338536 graphs in total, partitioned into 7 switching classes with sizes 110, 580, 8110, 11376, 76880,
108008, and 133472. The distribution of the orders of the automorphism groups for these graphs are
shown in Table 4. One example of such a graph with an automorphism group of order 54 is shown in
Appendix A.
5.7. (64,21,8,6)
By assuming an automorphism of order 7 ﬁxing exactly 1 of the vertices, 6 strongly regular graphs
are found, none of which is a Latin graph.
In [3, Table 11.12], there are several constructions for strongly regular graphs with these pa-
rameters. We have performed the following veriﬁcation of whether these graphs are Latin graphs.
The Bilin2×3(2) projective graph is a Latin graph. The unique projective quaternary [7,3] code with
weights 4 and 6 gives also a Latin graph. There are two projective binary [21,6] codes with weights 4
and 6; one of these two gives a Latin graph, and the other gives a non-Latin graph. The non-Latin
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Automorphism group orders for various non-Latin (64,21,8,6) srgs.
|Aut(G)| # |Aut(G)| # |Aut(G)| #
1 384924 16 605 126 1
2 95588 21 2 128 22
3 2 24 3 168 1
4 15955 32 151 256 2
6 4 48 3 512 1
8 2691 63 1 21504 1
12 5 64 38
graph has an automorphism group of order 21504; this order is divisible by 7, and the graph is
equivalent to one of the 6 strongly regular graphs we found. The parity check matrix leading to the
non-Latin graph is
⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 1
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1
⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
.
By applying Godsil–McKay switching with k = 1, |C1| = 4, ﬁve of the six non-Latin graphs are
unique in their switching classes. The switching class for the sixth one, which has an automorphism
group of order 21504, is very big. We stopped the computing after ﬁnding a total of 500000 strongly
regular graphs (in all 6 switching classes). It follows from Theorem 7 that all graphs obtained are
non-geometric. The distribution of the orders of the automorphism groups for these 500000 graphs
is shown in Table 5.
5.8. (70,27,12,9)
Theorem 4 gives an analytical proof that there exist (70,27,12,9) srgs that are not Steiner
graphs.
5.9. (81,24,8,6)
By assuming an automorphism of order 7 ﬁxing exactly 4 vertices, we found 13 strongly regular
graphs; 2 of these are non-Latin graphs, both having an automorphism group of order 21. In [3,
Table 11.12], several constructions of (81,24,8,6) srgs are mentioned. In particular, there are two
projective ternary [12,4] codes with weights 6 and 9. One of these ternary codes gives a Latin graph.
The one with the following parity check matrix does not:
1424 M. Behbahani et al. / Journal of Combinatorial Theory, Series A 119 (2012) 1414–1426⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
1 0 0 0 0 0 0 0 1 1 1 2
0 1 0 0 0 0 0 0 1 1 1 1
0 0 1 0 0 0 0 0 1 1 0 1
0 0 0 1 0 0 0 0 1 0 1 1
0 0 0 0 1 0 0 0 1 0 0 1
0 0 0 0 0 1 0 0 0 1 1 1
0 0 0 0 0 0 1 0 0 1 0 1
0 0 0 0 0 0 0 1 0 0 1 1
⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
.
This non-Latin graph has an automorphism group of order 93312. Since 7 does not divide 93312,
we now have 3 non-Latin graphs. Godsil–McKay switching with k = 1, |C1| = 4 did not lead to any
new graphs; the two graphs with an automorphism group of order 21 are in the same class and the
third graph is unique in its class.
5.10. (100,27,10,6)
By assuming an automorphism of order 7 ﬁxing exactly 9 vertices, we found 80 strongly regular
graphs, 4 of which are non-Latin graphs. The orders of the automorphism groups are 7 and 63 (three
graphs). One of the graphs with an automorphism group of order 63 is listed in Appendix A. Applica-
tion of Godsil–McKay switching with k = 1, |C1| = 4 neither gives new graphs nor leads to switching
classes with more than one graph.
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Appendix A
We here give two non-geometric strongly regular graphs constructed using the method of pre-
scribed automorphisms, one (57,24,11,9) srg and one (100,27,10,6) srg. For each case, we ﬁrst
list the prescribed automorphism in cycle form. The vertices are labelled from 1 to b. We treat a
row of the adjacency matrix as a b-bit binary number. A row is listed in hexadecimal form to-
gether with its row number; three leading 0’s are attached in the (57,24,11,9) case. The missing
rows can be obtained by applying the prescribed automorphism. For example, rows 11 and 12 for the
(57,24,11,9) srg are obtained by applying the prescribed automorphism once and twice, respectively,
to row 10.
A non-geometric (57,24,11,9) srg
Prescribed automorphism:
(10,11,12)(13,14,15)(16,17,18)(19,20,21)(22,23,24)(25,26,27)
(28,29,30)(31,32,33)(34,35,36)(37,38,39)(40,41,42)(43,44,45)
(46,47,48)(49,50,51)(52,53,54)(55,56,57)
Partial adjacency matrix:
1: 0070000001FFFFF 2: 0380001FFE001FF 3: 00003FE07E07E07
4: 098007FF81F8007 5: 0A81C0E38E38E38 6: 0B0E00E3F03F1C0
7: 1031C71C0E3F1C0 8: 105E071C7038E38 9: 106FC0007FF8007
10: 00B7B49371A4920 13: 015AF1328EE1320 16: 040B59F4498296C
19: 0668939F250DC02 22: 0788BC64193C912 25: 0A69374E44A01A9
28: 0B8B8511C545A89 31: 0CBE21523C1288D 34: 0D51E184D612916
37: 121AEC8700CC84F 40: 13F902F0129C321 43: 14C88E831323BC1
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55: 1E1021296BD2863
A non-geometric (100,27,10,6) srg
Prescribed automorphism:
(10,11,12,13,14,15,16)(17,18,19,20,21,22,23)(24,25,26,27,28,29,30)
(31,32,33,34,35,36,37)(38,39,40,41,42,43,44)(45,46,47,48,49,50,51)
(52,53,54,55,56,57,58)(59,60,61,62,63,64,65)(66,67,68,69,70,71,72)
(73,74,75,76,77,78,79)(80,81,82,83,84,85,86)(87,88,89,90,91,92,93)
(94,95,96,97,98,99,100)
Partial adjacency matrix:
1: 7E7FFFFC00000000000000000 2: B9FF0003FFF00000000000000
3: C7FF0000000FFFC0000000000 4: C780FE03F800003F800000000
5: C78001FC07F000007F0000000 6: B980FE00000FE0007F0000000
7: B98001FC00001FFF800000000 8: 7E000003F8001FC07F0000000
9: 7E00000007FFE03F800000000 10: E01E90A04A44828000A509140
17: 94443D4048044011282428125 24: 8A0584CC06000501A10230705
31: 512448016E001060860244998 38: 488901060AD90001860624219
45: 248922000443D424140829289 52: 2314002B00084CF014286009C
59: 128022C30308905680C848188 66: 0D000A84C181428033E0C0A02
73: 00522481030102A4C37F88000 80: 005028311242818903A203468
87: 00112071908528180A0115F80 94: 004052A03264838210011403F
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